INTRODUCTION
The negative health effects of tobacco use have been well documented since the first report of the US Surgeon General, released in 1964 [1] . Over the ensuing 50 years, 31 US Surgeon General's reports described the damaging health consequences of tobacco use and involuntary exposure to tobacco smoke [2] . The 2014 Report, entitled 'The Health Consequences of Smoking -50 Years of Progress' summarizes the evidence linking cigarette smoking to more than 20 million premature deaths in the United States since 1964. Cigarette smoking causes diseases in nearly all organs of the body, as well as diminished health status and harm to the fetus [2] . As virtually all cigarette smoking begins before the age of 18 years [2] , the effects of tobacco use on children is clearly of utmost importance. Furthermore, mother's smoking during pregnancy and secondhand cigarette smoke exposure are still important issues in children's health.
Biomarkers of exposure have been critical in validating and quantifying exposure of the fetus, newborns, and children to tobacco smoke toxicant and carcinogens. The most important biomarkers in this regard are tobacco-specific compounds: nicotine and its metabolites and the lung carcinogen metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol [3] [4] [5] [6] [7] [8] [9] [10] .
In this review, we highlight some of the most important research articles dealing with the effects of tobacco smoke, environmental tobacco smoke, and electronic cigarettes (e-cigarettes) on adverse health outcomes in children.
EXPOSURE SCENARIOS

Mother's use of tobacco products during pregnancy and lactation
Smoking during pregnancy is relatively common in the United States, where an estimated 12.8% of women smoked during the last 3 months of pregnancy [11] . It is still an important cause of maternal, fetal, and infant morbidity and mortality [2] . One recent review concluded that any active maternal smoking was associated with increased risks of stillbirth, neonatal death, and perinatal death, and these increased with the amount smoked by the mother [12] .
Ip et al. [13 & ] examined the relationship between prenatal tobacco exposure and telomere length in children. Telomeres are the regions of repetitive nucleotide sequences at each end of a chromosome; they protect the chromosome end from deterioration or fusion with neighboring chromosomes. Telomere shortening is associated with a number of adverse health outcomes, including cancer, type 2 diabetes, cardiovascular diseases, Alzheimer's disease, and early mortality [13 & ]. Cigarette smoking is an established cause of telomere shortening [14] . The study by Ip et al. [13 & ] involved 98 randomly selected nonsmoking children from the Hong Kong Child Health Study whose mother smoked during pregnancy compared with 98 age and sex-matched children randomly selected from all nonsmoking children in the Hong Kong Child Health Study whose mothers never smoked during pregnancy. Information on the length and extent of mother's smoking during pregnancy was obtained. Telomere length was measured in buccal epithelial cells of the children. The results demonstrated that telomere length in children with prenatal tobacco exposure was significantly shorter than in those with no exposure (T/S ratio ¼ 24.9 AE 8.58 in exposed versus 28.97 AE 14.15 in controls, P ¼ 0.02). A doseresponse relationship was observed whereby longer duration of smoking during pregnancy was associated with shorter telomere length. The relationship between telomere length in the children and prenatal tobacco exposure was still significant after taking into account family socioeconomic status and exposure to secondhand tobacco smoke during pregnancy and childhood. Thus, this study demonstrated telomere shortening because of prenatal tobacco smoke exposure, which could have important negative health consequences on the children of women who smoked during pregnancy. Furthermore, telomere length can be considered as a potential biomarker of biological effects.
Secondhand smoke exposure
Secondhand tobacco smoke exposure is an established cause of a number of negative health effects in children, including asthma, cough, phlegm, wheeze, breathlessness, lower respiratory illnesses, lung function, middle ear disease, nasal irritation, and sudden infant death syndrome (SIDS) [2] .
Agaku et al.
[15 && ] have determined the prevalence and determinants of secondhand smoke exposure among middle and high school students (grades 6-12, the United States) in homes and vehicles, and at school, work, and indoor/outdoor public areas. Their study depended on self-reported secondhand smoke exposure within the past 7 days, taken from the 2013 National Youth Tobacco Survey of 18 406 youths. The results demonstrated that 48.0% of never tobacco users reported exposure to secondhand smoke in one or more locations: 15.5% in the home; 14.7% in a vehicle; 16.8% at school; 27.1% at work, and 35.2% in indoor or outdoor public areas. They concluded that about half of the US students in grades 6 through 12 were exposed to secondhand smoke in 2013. Exposure in the home or vehicle was more than nine times higher among those with no smoke-free rules than those with smoke-free rules. Thus, secondhand smoke exposure is still a significant problem, which can potentially be ameliorated by voluntary smoke-free rules. As noted above, nicotine metabolites and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol are excellent biomarkers for distinguishing active from passive smoking [6] .
Use of tobacco products by children
It is estimated that, at current smoking rates, 5.6 million US residents who are less than 18 years old will die prematurely from smoking-related disease. The Centers for Disease Control and the Food and Drug Agency determined the prevalence of tobacco use in the past 30 days, including the following tobacco types: cigarettes, cigars, smokeless tobacco, e-cigarettes, hookahs, pipe tobacco, and bidis among students in grades 6-8 and 9-12. During 2011-2015, the use of e-cigarettes and hookahs
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increased significantly, whereas use of conventional products decreased, resulting in null overall change in tobacco product use. Overall, in 2015, there were an estimated 4.7 million middle and high school students who were current tobacco product users [16 & ]. Biomarkers are useful in distinguishing active smokers from passively exposed individuals, as the levels of nicotine metabolites will be significantly different. Biomarkers will also distinguish smokers from smokeless tobacco users because, while both have high concentrations of nicotine metabolites in their urine, only smokers will have high levels of biomarkers derived from volatiles such as acrolein, crotonaldehyde, and benzene [17] .
ADVERSE HEALTH OUTCOMES
Fetal growth and birth outcomes
It has long been recognized that smoking during pregnancy negatively impacts fetal growth and results in preterm deliveries [1] . Although studies indicate that smoking dose (active versus passive smoking) affects the extent to which fetal growth is restricted, studies in smokeless tobacco users suggest that nicotine makes a modest contribution to this effect and that combustion products enhance it [2] . Smokeless tobacco users are at increased risk of preterm delivery providing a role for nicotine in this adverse outcome. Investigations into gene-environment interactions demonstrate that other tobacco chemicals may play a role in these negative birth outcomes; cytochrome P450 1A1 (CYP1A1) variants and glutathione S-transferase T1 (GSTT1) null genotypes are associated with more extreme effects on birth weight and preterm delivery [18] [19] [20] [21] ; variants of nicotine metabolism did not have any significant effect [18] . This is a situation where biomarkers studies might provide insight into the tobacco smoke chemicals that are contributing to the adverse birth outcomes. For example, GSTT1 null genotype influences the levels of urinary benzene and 1,3-butadiene metabolites in smokers [22, 23] . CYP1A1 and GSTT1 variants affect metabolite levels of a model polycyclic aromatic hydrocarbon, phenanthrene [24, 25] .
Sudden infant death syndrome
Roughly a quarter of SIDS deaths in 2009 were because of prenatal smoke exposure [26] . Epidemiology studies indicate the risk of SIDS associated with bed sharing was elevated for babies whose mothers smoked than for those whose mothers did not (combined odd ratio ¼ 6.3 versus associated odd ratio ¼ 1.7) [27] . Prenatal exposure to nicotine or other tobacco chemicals likely results in dysfunctional and/or immature organs and/or arousal systems. Although support for this proposal exists in animal models, data in humans are more limited [2] .
Brain development and neurobehavioral disorders
Tobacco smoke alters brain development; many of these effects are associated with nicotine exposure. In the developing fetus, nicotine targets nicotinic acetylcholine receptors [2] . A number of epidemiological studies showed an association between intrauterine tobacco smoke exposure and an elevated risk of attention-deficit/hyperactivity disorder (ADHD) [2] . There is controversy as to whether these effects result from prenatal nicotine exposure or are related to other confounding factors that affect parental nicotine dependence [ Tobacco, e-cigarettes, and child health Peterson and Hecht preference for fat consumption and that changes in the amygdala may facilitate this outcome. Additionally, intrauterine exposure to cigarette smoke may affect the activity of the opioid receptor m1 through an epigenetic mechanism. Methylation of this gene is associated with increased fat consumption in prenatally exposed adolescents [34 && ].
Cardiovascular health
Although cigarette smoking is well established as a cause of cardiovascular disease in adults [2] , the impact of childhood exposure to environmental tobacco smoke is more difficult to assess. 
Respiratory health
Prenatal and postnatal exposure to tobacco smoke causes disrupted lung development, resulting in reduced lung function in children [37 & ]. Epidemiological studies indicate an inverse dose-response relationship between the number of cigarettes smoked per day by the mother and a variety of measures of lung functionality in newborns [38] . Studies in men with previous prenatal exposure to tobacco smoke demonstrated that the impact on lung function continues into adulthood [39] . Prenatal and childhood exposure to tobacco smoke also increases the incidence of wheezing, asthma, and the susceptibility to lower respiratory tract infections in children [40] .
Nicotine is thought to play a role in the adverse effects of tobacco smoke on lung development [37 & ]. Furthermore, there is some evidence that prenatal tobacco smoke exposure alters the immune profile of children, causing them to be more susceptible to infections [37 & ]. Genetic variations in glutathione S-transferase proteins modify the adverse effects of in-utero exposure to tobacco smoke on respiratory health, indicating that other tobacco smoke chemicals may also contribute to this adverse outcome. Tobacco smoke exposed glutathione S-transferase M1 and GSTT1 null children are at increased risk of wheezing and/or asthma as compared with similarly exposed children with the functional gene [41, 42] .
Cancer
A major health effect of long-term tobacco use is cancer in many organ sites, including lung, mouth, throat, esophagus, larynx, kidney, bladder, liver, colon, rectum, cervix, and acute myeloid leukemia [2, 38, 43] . Epidemiological data suggest that prenatal and postnatal exposure to tobacco smoke increases the risk of childhood leukemia and lymphomas as well as brain tumors [40] .
E-CIGARETTES AND CHILDREN
What are e-cigarettes?
An e-cigarette consists of several components: a battery, a microprocessor, an activating button, a heating element, and a reservoir which contains a mixture of propylene glycol, nicotine, and flavorants. Sometimes there are other additives and glycerol in the reservoir as well. More than 7000 flavorants are being used and, currently, are totally unregulated. When the user puffs, an air flow sensor causes electricity to flow through the heating element, which results in the production of an aerosol of the e-liquid. The aerosol resembles cigarette smoke to some extent and is inhaled. There are multiple e-cigarette designs, most of which no longer resemble cigarettes but rather are 'tank systems,' which have relatively large reservoirs. Users of e-cigarettes can adjust the voltage to modify the amount of nicotine in each puff [44] .
Known health effects and impact on teen smoking behavior
In contrast to tobacco cigarettes, e-cigarettes contain no tobacco and there is no combustion of its constituents. Thus, the 'smoke' of an e-cigarette has considerably lower amounts of virtually all toxicants and carcinogens than tobacco cigarette smoke, which contains over 7000 constituents and at least 72 carcinogens [45, 46] . The exception to this is nicotine, which is delivered in comparable quantities to smokers of e-cigarettes and tobacco cigarettes. The e-cigarette user is also exposed to considerable amounts of propylene glycol and relatively small quantities of a vast variety of flavorants. There may be relatively high levels of exposure to formaldehyde under certain conditions of e-cigarette use [47] . There are no clinical studies on the relationship of e-cigarette use to disease because e-cigarettes have not been used for a long enough period of time. However, urinary biomarker studies indicate that the profile of toxicants and carcinogen metabolites in e-cigarette users is far more favorable than in cigarette smokers [48] .
One concern regarding e-cigarettes is nicotine poisoning. Thus, Kamboj et al. [49 & ] carried out an analysis of exposures associated with nicotine and tobacco products among children less than 6 years of age. From 2012 to 2015, the National Poison Data System received more than 29 000 calls for nicotine and tobacco product exposures among children. Cigarettes accounted for 60.1% of exposures and e-cigarettes 14.2%. Children less than 2-year old accounted for 44.1% of e-cigarette exposures. They concluded that the frequency of exposures to e-cigarettes and nicotine liquid among young children is rapidly increasing and needs to be prevented.
Another concern about e-cigarettes is that they may be a gateway to tobacco product use. A review of the longitudinal effects of e-cigarette use on onset of smoking among adolescents and young adults concluded that e-cigarette use does lead to a higher incidence of combustible cigarette smoking [50] .
Role of flavorants
In contrast to the use of flavor compounds in human food, there is currently no organized toxicological investigation of flavor compounds in ecigarettes. This is a massively complex area which is begging for regulation. One recent study among English children aged 11-16 years addressed the concerns regarding the appeal of e-cigarettes [51] . It concluded that exposure to advertisements for e-cigarettes does not increase the appeal of tobacco smoking to children. However, e-cigarette advertisements featuring flavored, compared with nonflavored products, did elicit greater appeal and interest in buying and trying e-cigarettes.
CONCLUSION
Tobacco smoke is harmful to children. In utero as well as passive exposure to tobacco smoke leads to a host of adverse health effects in children both in childhood and later on in life. The use of biomarkers of tobacco exposure helps clarify the role tobacco chemicals play in influencing health both in childhood and beyond. Although e-cigarettes appear to be a nicotine delivery device of reduced harm, they may be a gateway to combustible cigarette smoking in adolescents. The results demonstrated that telomere length in children with prenatal tobacco exposure was significantly shorter than in those with no exposure. A doseresponse relationship was observed whereby longer duration of smoking during pregnancy was associated with shorter telomere length. Telomere shortening is associated with a number of adverse health outcomes, including cancer, type 2 diabetes, cardiovascular diseases, Alzheimer's disease, and early mortality. The study in overweight and obese children found an association between plasma cotinine levels and poorer cognitive scores, suggesting that environmental tobacco smoke exposure during childhood can impact brain development. 31. Goriounova NA, Mansvelder HD. Short-and long-term consequences of nicotine exposure during adolescence for prefrontal cortex neuronal network function. Cold Spring Harb Perspect Med 2012; 2:a012120. 32.
